
Printed by Jouve, 75001 PARIS (FR)

Europäisches Patentamt

European Patent Office

Office européen des brevets

(19)

E
P

1 
32

6 
03

6
A

2
*EP001326036A2*
(11) EP 1 326 036 A2

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
09.07.2003 Bulletin 2003/28

(21) Application number: 03250040.7

(22) Date of filing: 03.01.2003

(51) Int Cl.7: F16H 57/00

(84) Designated Contracting States:
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR
HU IE IT LI LU MC NL PT SE SI SK TR
Designated Extension States:
AL LT LV MK RO

(30) Priority: 03.01.2002 US 345814 P

(71) Applicant: Parker-Hannifin Corporation
Cleveland, Ohio 44124 (US)

(72) Inventor: Warner, Russell K.
Nesbit, Mississippi (US)

(74) Representative: Giles, Ashley Simon et al
Haseltine Lake & Co.,
Imperial House,
15-19 Kingsway
London WC2B 6UD (GB)

(54) Noise reduction structure for power take-off unit gear assembly

(57) A noise reduction structure is provided for use
with a meshing gear assembly, such as in a power take-
off unit for selectively providing power to one or more
rotatably driven accessories. The meshing gear assem-
bly includes meshing input and output gears (10,20) that
are supported within a housing and are rotatably driven
during use. A helical coil wrap (40) spring extends about
and is frictionally engaged with a portion of the output
gear. A first end of the wrap spring extends outwardly
therefrom to form a control tang that extends adjacent

to an abutment surface provided on the housing of the
power take-off unit. As a result, the wrap spring is pre-
vented from rotating relative to the housing as the output
gear is rotatably driven. The wrap spring is wound and
sized to frictionally engage the output gear and thereby
impart a constant drag thereon as the output gear is ro-
tated in a first rotational direction during use and to pre-
vent the output gear from rotating in a second rotational
direction opposite to the first rotational direction. As a
result, the amount of noise that is generated when the
power take-off unit is operated is significantly reduced.
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Description

CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of United
States Provisional Application No. 60/345,814, filed
January 3, 2002, the disclosure of which is incorporated
herein by reference.

BACKGROUND OF THE INVENTION

[0002] This invention relates in general to noise re-
duction structures for use with meshing gear assem-
blies. In particularly, this invention relates to an im-
proved noise reduction structure for use with a meshing
gear assembly in a power take-off unit.
[0003] Power take-off units are well known mechani-
cal devices that are commonly used in conjunction with
sources of rotational energy, such as vehicle engines
and transmissions, for selectively providing power to
one or more rotatably driven accessories. For example,
power take-off units are commonly used in a variety of
industrial and agricultural vehicles for operating hydrau-
lic pumps that, in turn, operate hydraulically driven ac-
cessories, such as plows, trash compactors, lifting
mechanisms, winches, and the like. The power take-off
unit provides a relatively simple and inexpensive mech-
anism for supplying rotational power from the vehicle
engine to operate the rotatably driven accessory.
[0004] To accomplish this, a typical power take-off unit
includes a rigid housing having a mounting surface
formed thereon. An opening is formed through a portion
of the mounting surface of the power take-off housing.
An input gear is rotatably supported within the housing
and includes a portion that extends outwardly through
the opening formed through the mounting surface. The
mounting surface of the power take-off unit housing is
adapted to be secured (typically by a plurality of bolts)
to a corresponding mounting surface formed on a case
of a transmission provided on the vehicle. An opening
is also formed through a portion of the mounting surface
of the transmission case. When the power take-off unit
housing is secured to the transmission case, the input
gear extends through the opening formed through the
transmission case into meshing engagement with one
of the transmission gears, typically a transmission gear
that is driven by the vehicle engine. As a result, the input
gear of the power take-off unit is rotatably driven when-
ever the vehicle engine is operated.
[0005] The power take-off unit typically further in-
cludes an output gear that is rotatably supported within
the housing. The output gear meshes with the input gear
such that the output gear is rotatably driven by the input
gear whenever the vehicle engine is operated. The out-
put gear is, in turn, connected to an output shaft that is
rotatably supported within the power take-off housing.
The output shaft extends outwardly from the housing of
the power take-off unit and is adapted to be connected

to the rotatably driven accessory. In some instances, the
output gear is directly connected to the output shaft. In
those instances, the output shaft is rotatably driven by
the output gear whenever the vehicle engine is operat-
ed. In other instances, however, the output gear is con-
nected through a clutch assembly to the output shaft.
The clutch assembly is provided within the power take-
off housing for selectively connecting the output gear to
the output shaft and, therefore, permitting selective or
intermittent operation of the rotatably driven accessory
whenever the vehicle engine is operated.
[0006] When a typical power take-off unit is operated,
it often generates an undesirable amount of noise. Such
noise usually results from the combination of torsional
vibrations that are generated from the vehicle engine to
the power take-off unit and backlash or looseness that
typically exists between the meshing gears contained
within the power take-off unit. It has been found that
such torsional vibrations can cause the loosely meshing
gears to rattle against one another as they are rotatably
driven during use. Although the generation of such noise
does not usually adversely affect the operation of the
power take-off unit, it can be quite bothersome to per-
sons that are located in the vicinity. A variety of noise
reduction structures for meshing gear assemblies are
known in the art. However, such known noise reduction
structures have been found to be deficient for various
reasons. Thus, it would be desirable to provide an im-
proved noise reduction structure for use with a meshing
gear assembly in a power take-off unit.

SUMMARY OF THE INVENTION

[0007] This invention relates to an improved noise re-
duction structure for use with a meshing gear assembly,
such as in a power take-off unit for selectively providing
power to one or more rotatably driven accessories. The
meshing gear assembly includes meshing input and
output gears that are supported within a housing and
are rotatably driven during use. A helical coil wrap spring
extends about and is frictionally engaged with a portion
of the output gear. A first end of the wrap spring extends
outwardly therefrom to form a control tang that extends
adjacent to an abutment surface provided on the hous-
ing of the power take-off unit. As a result, the wrap spring
is prevented from rotating relative to the housing as the
output gear is rotatably driven. The wrap spring is wound
and sized to frictionally engage the output gear and
thereby impart a constant drag thereon as the output
gear is rotated in a first rotational direction during use
and to prevent the output gear from rotating in a second
rotational direction opposite to the first rotational direc-
tion. As a result, the amount of noise that is generated
when the power take-off unit is operated is significantly
reduced.
[0008] Various objects and advantages of this inven-
tion will become apparent to those skilled in the art from
the following detailed description of the preferred em-
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bodiment, when read in light of the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

Fig. 1 is a sectional elevational view of a power take-
off unit including a noise reduction structure in ac-
cordance with this invention.
Fig. 2 is an enlarged sectional elevational view of
the output gear of the power take-off unit and the
noise reduction structure illustrated in Fig. 1.
Fig. 3 is a side elevational view of the output gear
and the wrap spring of the noise reduction structure
illustrated in Fig. 2.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0010] Referring now to the drawings, there is illus-
trated in Fig. 1 a power take-off unit, indicated generally
at 10, in accordance with this invention. The illustrated
power take-off unit 10 is, in large measure, conventional
in the art and is intended merely to illustrate one envi-
ronment in which this invention may be used. Thus, the
scope of this invention is not intended to be limited for
use with the specific structure for the power take-off unit
10 illustrated in Fig. 1 or with power take-off units in gen-
eral. On the contrary, as will become apparent below,
this invention may be used in any desired environment
for the purposes described below.
[0011] The illustrated power take-off unit 10 includes
a rigid hollow housing 11 having a mounting surface 11a
formed thereon. An opening 11b is formed through the
mounting surface 11a for a purpose that will be de-
scribed below. An input gear, indicated generally at 12,
is rotatably supported in the housing 11 of the power
take-off unit 10. To accomplish this, an input shaft 13 is
journaled in a pair of aligned openings 13a and 13b
formed through the housing 11 of the power take-off unit
10. Thus, the input shaft 13 is stationary relative to the
power take-off unit housing 11. The input gear 12 is ro-
tatably supported on the input shaft 13 by a pair of bear-
ings 14 and 15.
[0012] The input gear 12 has a first toothed gear por-
tion 12a and a second toothed gear portion 12b formed
thereon. The first toothed gear portion 12a is relatively
large in diameter. As shown in Fig. 1, a portion of the
first toothed gear portion 12a extends through the open-
ing 11b formed through the mounting surface 11a of the
power take-off housing 11. Thus, when the power take-
off unit 10 is mounted on a vehicle transmission (not
shown) or other source of rotational power in the manner
described above, the first toothed gear portion 12a of
the input gear 12 extends through the opening 11b into
meshing engagement with one of the transmission
gears, typically a transmission gear that is rotatably driv-

en whenever the vehicle engine is operated. As a result,
the input gear 11 of the power take-of unit 10 is rotatably
driven whenever the vehicle engine is operated.
[0013] The power take-off unit 10 further includes an
output gear, indicated generally at 20, that is rotatably
driven by the input gear 12. The structure of the output
gear 20 is more clearly illustrated in Fig. 2. As shown
therein, the output gear 20 includes a toothed gear por-
tion 20a and a bell portion 20b. The toothed gear portion
20a of the output gear 20 meshes with the second
toothed gear portion 12b of the input gear 12. Thus, the
output gear 20 is rotatably driven by the input gear 12
whenever the vehicle engine is operated. The bell por-
tion 20b of the output gear 20 is generally hollow and
cylindrical in shape and extends axially from the toothed
gear portion 20a. The bell portion 20b has a plurality of
slots 21 formed therein for a purpose that will be ex-
plained below.
[0014] The output gear 20 is rotatably supported in the
housing 11 of the power take-off unit 10. To accomplish
this, an output shaft 22 is rotatably supported in a pair
of aligned bearings 23 and 24. The bearing 23 is jour-
naled in a recess 23a formed in a bearing cap 25 se-
cured to the housing 11 of the power take-off unit 10.
The bearing 24 is journaled in a recess 24a formed in
the interior of the housing 11 of the power take-off unit
10. Thus, the output shaft 22 is rotatably supported in
the housing 11 of the power take-off unit 10. The output
gear 20 is rotatably supported on the output shaft 22 by
a bearing 26. The end of the output shaft 22 rotatably
supported by the bearing 23 has a key 22a, an internal
spline (not shown), or other similar structure formed
therein to facilitate the connection of the output shaft 22
to a rotatably driven accessory (not shown).
[0015] The power take-off unit 10 also includes a
clutch assembly, indicated generally at 30, for selective-
ly providing a driving connection between the bell por-
tion 20b of the output gear 20 and the output shaft 22.
The clutch assembly 30 includes a first plurality of flat,
annular clutch plates 31 that are connected to the bell
portion 20b of the output gear 20 for rotation therewith.
To accomplish this, each of the first plurality of clutch
plates 31 has one or more radially outwardly extending
protrusions formed thereon. The protrusions of the
clutch plates 31 are received in the slots 21 formed in
the bell portion 20b of the output gear 20 for rotation
therewith. Thus, the first plurality of clutch plates 31 are
rotatably driven by the output gear 20 whenever the ve-
hicle engine is operated. The clutch assembly 30 further
includes a second plurality of flat, annular clutch plates
32. The second plurality of clutch plates 32 is disposed
in alternating fashion between the first plurality of clutch
plates 31. The second plurality of clutch plates 32 are
splined to a clutch gear 33 that, in turn, is splined onto
the output shaft 22. Thus, the second plurality of clutch
plates 32, the clutch gear 33, and the output shaft 22
are connected for rotation together as a unit. The clutch
gear 33 is restrained from axial movement in one direc-
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tion (toward the left when viewing Fig. 1) by one or more
retaining rings 33a that are received within a groove
formed in the outer surface of the output shaft 22.
[0016] The clutch assembly 30 further includes an an-
nular clutch piston 34 that is disposed within a hollow
cylindrical clutch cylinder 35. The clutch cylinder 35 has
a closed end and an opened end. One end of the clutch
piston 34 (the right end when viewing Fig. 1) is disposed
within the clutch cylinder 35, while the opposite end of
the clutch piston 34 (the left end when viewing Fig. 1)
extends from the opened end of the clutch cylinder 35
adjacent to the first and second pluralities of clutch
plates 31 and 32. Both the clutch piston 34 and the
clutch cylinder 35 are supported on the output shaft 22.
The clutch piston 34 is axially movable along the output
shaft 34, but the clutch cylinder 35 is restrained from
axial movement in one direction (toward the right when
viewing Fig. 1) by one or more retaining rings 36 mount-
ed on the output shaft 22. A coiled clutch spring 37 re-
acts between the clutch piston 34 and the clutch gear
33. As discussed above, the clutch gear 33 is restrained
from axial movement in one direction (toward the left
when viewing Fig. 1) by the retaining rings 33a. Thus,
the clutch spring 37 urges the clutch piston 34 axially in
the opposite direction (toward the right when viewing
Fig. 1) toward a disengaged position adjacent to the
closed end of the clutch cylinder 35. In the disengaged
position, the clutch piston 34 does not engage the first
and second pluralities of clutch plates 31 and 32. Thus,
the clutch plates 31 and 32 do not frictionally engage
one another. As a result, the clutch gear 33 is discon-
nected from the output gear 20 so as to provide no ro-
tatable driving connection therebetween. In this condi-
tion, the output shaft 22 is not rotatably driven by the
output gear 20.
[0017] An annular clutch chamber 38 is defined be-
tween the clutch piston 34 and the closed end of the
clutch cylinder 35. This annular clutch chamber 38 com-
municates through a transverse passageway 22b and
an axial passageway 22c formed through the output
shaft 22 with a source of pressurized fluid (not shown).
As is well known, when pressurized fluid is provided
from the source to the annular clutch chamber 38, the
clutch piston 34 is moved axially against the urging of
the clutch spring 37 from the disengaged position to an
engaged position (toward the left when viewing Fig. 1).
In the engaged position, the clutch piston 34 compress-
es the first and second pluralities of clutch plates 31 and
32 together into frictional engagement. As a result, the
clutch gear 33 is connected to the output gear 20 so as
to provide a rotatable driving connection therebetween.
In this condition, the output shaft 22 is rotatably driven
by the output gear 20.
[0018] As mentioned above, when a typical power
take-off unit is operated, it often generates an undesir-
able amount of noise. Such noise usually results from
the combination of torsional vibrations that are generat-
ed from the vehicle engine to the power take-off unit and

backlash or looseness that typically exists between the
meshing gears, such as the input gear 12 and the output
gear 20 contained within the power take-off unit 10. It
has been found that such torsional vibrations can cause
the loosely meshing gears to rattle against one another
as they are rotatably driven during use.
[0019] To reduce or eliminate this from occurring, a
wrap spring 40 is disposed about a portion of the output
gear 20. The structure of the wrap spring 40 is best
shown in Figs. 2 and 3. As shown therein, the illustrated
wrap spring 40 is a helical coil spring that extends about
and is engaged with the outer surface of the bell portion
20b of the output gear 20. If desired, the wrap spring 40
may have a plurality of helical coils. Regardless, the
wrap spring 40 is preferably formed from a metallic wire
material having a generally square cross sectional
shape, although such is not required. A first end of the
wrap spring 40 extends outwardly therefrom to form a
control tang 41. The purpose for the control tang 41 will
be explained below. A second end 42 (see Fig. 3) of the
wrap spring 40 does not extend outwardly therefrom.
The wrap spring 40 is retained on the outer surface of
the bell portion 20b of the output gear 20 by a pair of
retaining rings 43 and 44. Additionally, a hollow cylindri-
cal collar 45 can extend circumferentially about the wrap
spring 40 between the retaining rings 44a and 44b. The
collar 45 has an opening 45a through which the tang 41
of the wrap spring 40 can extend.
[0020] During normal operation of the power take-off
unit 10, rotation of the input gear 12 causes the output
gear 20 to be rotated in a first rotational direction, which
is indicated by the arrow 46 illustrated in Fig. 3. The wrap
spring 40 is sized to frictionally engage the outer surface
of the bell portion 20b of the output gear 20. Thus, ab-
sent the control tang 41, the wrap spring 40 would nor-
mally rotate in the first rotational direction with the output
gear 20. However, the wrap spring 40 is prevented from
rotating relative to the housing 11 by the control tang 41,
which extends outwardly therefrom, as discussed
above. The control tang 41 of the wrap spring 40 ex-
tends adjacent to a stationary abutment surface 11c that
can, for example, be provided on the housing 11 of the
power take-off unit 10. The abutment surface 11c may,
for example, be embodied as a slot formed in the hous-
ing 11. The engagement of the control tang 41 with the
abutment surface 11c prevents the wrap spring 40 from
rotating relative to the housing 11.
[0021] The wrap spring 40 is wrapped about the out-
put gear 20 in a helical direction that causes the wrap
spring to be unwound when the output gear 20 is rotated
in the first rotational direction 46. Nonetheless, however,
the wrap spring 40 remains in frictional engagement with
the bell portion 20b of the output gear 20. This frictional
engagement tends to resist, but does not prevent, the
rotation of the output gear 20 in the first rotational direc-
tion during operation. The magnitude of this frictional ro-
tational drag is large enough to reduce or eliminate a
portion of the backlash between the input gear 12 and
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the output gear 20, but is small enough to not signifi-
cantly diminish the overall operating efficiency of the
power take-off unit 10 during normal operation. The hol-
low cylindrical collar 45 is provided to positively retain
the wrap spring 40 about the bell portion 20b of the out-
put gear 20 when it is unwound as a result of the rotation
of the output gear 20 in the first rotational direction 46.
[0022] The wrap spring 40 is also effective to prevent
rotation of the output gear 20 in a second rotational di-
rection that is opposite to the first rotational direction 46.
The wrap spring 40 is wrapped about the output gear
20 in a helical direction that causes the wrap spring to
be wound when the output gear 20 is rotated in the sec-
ond rotational direction. Thus, any tendency of the out-
put gear 20 to rotate in the second direction, which might
be caused by the above-mentioned torsional vibrations
encountered during operation, is effectively prevent by
the wrap spring 40. Consequently, the amount of noise
that is generated when the power take-off unit 10 is op-
erated is significantly reduced.
[0023] In accordance with the provisions of the patent
statutes, the principle and mode of operation of this in-
vention have been explained and illustrated in its pre-
ferred embodiment. However, it must be understood
that this invention may be practiced otherwise than as
specifically explained and illustrated without departing
from its spirit or scope.

Claims

1. A meshing gear assembly comprising:

a first gear having a plurality of first gear teeth
provided thereon;
a second gear having a plurality of second gear
teeth provided thereon, said plurality of second
gear teeth meshing with said plurality of first
gear teeth such that when said first gear is ro-
tated, said second gear is rotated in a first ro-
tational direction; and
a wrap spring disposed about said second gear,
said wrap spring allowing rotation of said sec-
ond gear in the first rotational direction and pre-
venting said second gear from rotating in the
second rotational direction.

2. The meshing gear assembly defined in Claim 1
wherein said wrap spring is a helical coil spring.

3. The meshing gear assembly defined in Claim 1
wherein said wrap spring imparts a drag on said
second gear when said second gear is rotated in
the first rotational direction.

4. The meshing gear assembly defined in Claim 1
wherein said wrap spring is sized to frictionally en-
gage a portion of said second gear.

5. The meshing gear assembly defined in Claim 1
wherein said wrap spring includes a control tang
that engages a stationary abutment surface.

6. The meshing gear assembly defined in Claim 1 fur-
ther including a housing in which said first and sec-
ond gears are supported for rotation.

7. The meshing gear assembly defined in Claim 6
wherein said wrap spring includes a control tang
that engages a stationary abutment surface provid-
ed on said housing.

8. The meshing gear assembly defined in Claim 1
wherein said second gear includes a toothed gear
portion and a bell portion, and wherein said wrap
spring is disposed about said bell portion of said
second gear.

9. The meshing gear assembly defined in Claim 1
wherein said wrap spring is restrained from axial
movement relative to said second gear by a pair of
retaining rings.

10. The meshing gear assembly defined in Claim 1 fur-
ther including a collar disposed about said wrap
spring.

11. A power take-off unit that is adapted to connect a
gear that is rotatably driven by a source of rotational
energy to a driven accessory comprising:

a hollow housing;
an input gear supported within said housing
and adapted to be rotatably driven by a source
of rotational energy, said input gear having a
plurality of input gear teeth provided thereon;
an output gear adapted to be connected to a
driven accessory and having a plurality of out-
put gear teeth provided thereon, said plurality
of output gear teeth meshing with said plurality
of input gear teeth such that when said input
gear is rotated, said output gear is rotated in a
first rotational direction; and
a wrap spring disposed about said output gear,
said wrap spring allowing rotation of said output
gear in the first rotational direction and prevent-
ing said output gear from rotating in the second
rotational direction.

12. The power take-off unit defined in Claim 11 wherein
said wrap spring is a helical coil spring.

13. The power take-off unit defined in Claim 11 wherein
said wrap spring imparts a drag on said output gear
when said output gear is rotated in the first rotational
direction.
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14. The power take-off unit defined in Claim 11 wherein
said wrap spring is sized to frictionally engage a por-
tion of said output gear.

15. The power take-off unit defined in Claim 11 wherein
said wrap spring includes a control tang that engag-
es a stationary abutment surface provided on said
housing.

16. The power take-off unit defined in Claim 11 wherein
said output gear includes a toothed gear portion and
a bell portion, and wherein said wrap spring is dis-
posed about said bell portion of said output gear.

17. The power take-off unit defined in Claim 11 wherein
said wrap spring is restrained from axial movement
relative to said output gear by a pair of retaining
rings.

18. The power take-off unit defined in Claim 11 further
including a collar disposed about said wrap spring.
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